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ABSTRACT

A Fortran program is presented which computes a normalized equivalent

source strength for the Class I and approximates the Class II Flextentional

Underwater Acoustic Transducer Shells. The program utilization, the input

data and the output data formats are described in detail.
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INTRODUCTION

This report describes a Fortran program of an equivalent source strength

model for the Class I and 1I (Reference 1) Flextensional Underwater Acoustic

Transducer Shells. Pictures of these two shell configurations are shown in

Figures 1 dnd 2.

An approximate analytical model for the Class I type of shell design

has been developed (References 2 and 3. The math model described in Refer-

ences 2 and 3 utilizes a numetical model, in order to obtain the near- and

far-field acoustic pressures for a specified displacement on the shell and

associated frequency of radiation. This model is sufficient for engineering

applications up through the fundamental mode of vibration provided that a

so-called forbidden frequency is not encountered (Reference 4).

It is not uncommon for the effective ka of a flextensional shell to

be less than one thus yielding a relatively omni-directional far-field

radiation pattern. If for such design situations an equivalent source

strength model was available, an approximation to the far-field pressures

at a defined frequency and shell displacement would be possible. In addition,

the equivalent source strength model would be more economical to utilize,

computer cost, etc., and would yield important preliminary design informatton.
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FIGURE 2
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PRO,,RAM UrLMtZATION

For a given transducer having the genera]. configuraion depicted in Fig-

ure 3, all geometric quantities pertinent to the solution of the free

vibration eigenvaltie prcbleni and the computatLion of the source strength

may be determined by -;,e ifyLng any .,no of several dimensionless parameters

an,' the opening angle, . The pararmeters L/D and 0 are the independento 0

variables in the accompanying FORTPv\N program; LiD being selected since it

is also relevant with respect to the size of the piezoelectric stack re-

quired to drive the transducer.

The solution of the approximate dynamic model involves computing the

first eigenvalue and eigerivector of a 2* NP-2 square marrix, where NP is

the number of control points input for generation of the discrete system

equations of motion. It is suggested that, for best numerical results,

NP should lie in the range 10 , NP 15.

The units used are immaterial since all input - output quantities

are dimensionless ratlos with the exception of the opening angle which is

in degrees.
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INPUT DATA

On the first dara card enter NN, the number of cases to be run con-

secutively. NN is input in FORMAT 12).

On each following card enLer the quantitles iVC,NP, IAL, fAU, iNC, RK,

and RATIO in FORMAT (I, [2, 31'3, 214.1).

IVC controls the printout of the componeuts of the eigenvectoL normal

ro the surface o" "hc transducer and the normaltzed radiating areas, These

vectors are printed out only if IVC is entered as a non zero positive

quantity.

NP is the number of control points to be defined on one half of a

typical Ltdnsducer element for the discrete system dynamic model.

IAL, IAU, and [NC correspond to the first opening angle, the last

opening angle, and the opening angle increment, respectively, desired in

the output for a given RATIO. These quantities have units of degrees.

RK is the ratio of the radius oi curvature of a typical transducer

element to the radius of gytation ot a typical element section as mea-,uced

at the guided end. The dynamic model is insensitive to this parameter for

RK - 20. RK is normally input as any large pos.ttive number for thin transducer

elements. RATIO = L/D.

PRINT-OUT DATA

The input quantities RATIO and NP appear as header information for each

case. The output quantities THETA, RADIUS/LENGTH, HEIGHT/LENGTH, DSL.

RATIO, WIDTH RATIO, WIDTI FACTOR, COEFFICIENT AND NORM. SOURCE STR. ate

printed out for each opening angle where:

THETA

RADIUS/LENGi =-" R/L

tlGIT/ILENGH - til



DISP.. RATIO is the ratio of the displacement measured at the center

of the circular arc formed by a typical transducer element to the corresponding

horizontal displaLtcIlLt of the guided end.

k1,I1l RATIO is the ratio of the width of a typical element as measured

at the center of ot circular arc to the width of the element as measured at

the guided end.

WIDTH FACTOR = element width at center of arc/(l/2 arc length of element

* sin (111N)), where N is Lhe number of transducer elements.

COIFFICIEN'I is the frequency coefficient i.e. that number which, when

multiplied by SQRT (E I/m)/(L*L), yields the natural frequency in rad./sec.

where E is the modulus of elasticity, I and m are the area moment of inertia

and mass per unit length of a typical element as measured at the guided end,

and L is as shown in Figure 3.

NORN. SO!;RCE STR is the source strength of the transducer normalized

with respect to ((PI'l))**2)*."k DEI.rA where F is the frequency of excitation

in cycles/sec., DELTA is the displacement amplitude of the guided end, and D is

as in Figure 3. Negative values of this quantity indicate that the net

volume displacement is negative when the ends of the transducer are displaced

in such a manner that tie transducer is elongated.

If IVC ' 0, the vectors NORMAL VECTOR and NORMIALIZED AREAS are also

printed out. NORMAL VECfOR i.s rtco vector of eigenvectot components normal

to the transducer surface normalized with respect to L,.e eigenvector component

at the guided end. NORMALIZED AREAS is the vector of radiating areas associated

with the disciete system control points normalized with respect to the area

of the cirLular end section.

(1.0)



FINAL RkLi KS

The model , resk.n ed -Li this repoct Lsan appro \nmate mcde.]Ij n.in .e

several simpli fying assutnpt ions wete neces ary. A -L t Cf Lhd,-Mst.

important assumpLLus Hidde and whe'e deemod appiroprilate ch-,, a ll C:.ipUd

results of having to .ake such Js-,umptioas alre as fo Ii s ').

a) it a assumed thaLi tke externa] ge0-oletry Df the sheil can

be approximaLed by cv. udri.cai end sect:ions. (nc tual lengh.ch is bnot!cons lder e'd.

since it is assuutrd chat ka-,l .) aitd .ircuIdar cucvcd beams exh i bi a

varying taper chatacterisic."

b) 'T1he LV.indrica4 l' end sections .:do -hot radiate excepr on -the

ends. If the radiai thickness *f the .cyliindritcalI end sec ion s. i smail

compared to the thickness ot the curved beams theii s11 tlikely these end

sections will contribute signi.fjcanny to the' overall radiation field.

c) Raidation through tle slits between the curved beams is

assumed to be lins gniiticant.

d) 4.t is assumed that the boundary condition foi- ".he curved

beams is clamped-guided. isr Class I shells v.ill approximate this bound-

ary condition as will rel-atively thick Class 1.I shell destgns..

e) The presenr prugram dues not allow :the opt Lon of specifying

the actual ,curved beam end mass f" the end masses, become large as com-

pared to the. total mas3* of the curved beams, as is qu-tce poss'ible tot the

Class 1I shell, then the eigenvectot associated with rhe shells :fundamenta1.

frequency of vibratiun approaches the quasi-static solution. This would

result in a reduction in the p'edicted far-field pressures of dpproxim atoly

25Z.

The program descil beI hete in h.s been checked by cOamparig the pted icted

arid measured far-it-l(d pressore' u: a transducer of knowu perforainare. The

predicted preasures were apl);.ox:indte.ly 41.5 db above the measured data. lo

(1 1":



light of thit intended use for the model described herein the above variation

is acceptablte. In addition, since it is entirely possible to -isign a

llextenslonal tiansducer (for ka 11) with 0 '0, this program should be
S

utilized eafly. II the design process in order to elimate this type of

design error.

(1. 2)



REFERENCES

1) Brigham, G. A. and L. H. Royster. Present Status in the Design of Flex-

tensional Underwater Acoustic Transducers. Paper presented at the

Seventy-Seventh Meeting .f the Acoustical Society of America, PhIladelph[a,

Pennsylvania, April, 1969.

2) Royster, L. H. The Flextentional Underwater AcousLic Transducer. J.

Acoust. Soc. of America. 45(1): 671-682 (1969).

3) Royster, L. H. Investigation of the Design Principles of the Flextentional

Underwater Acoustic Transducer. Contract Nonr 486(11), Part I, Final

Report, North Carolina State University, 1961.

4) Hess, J. L. Calculation of Acoustic Fields About Arbitrary Three-Dimensional

Bodies by a Method of Surface Source Distributions Based on Certain Wave

Number Expansions. Report No. DAC 66901, MCDONNEL DOUGLAS, March 1968.

(13)



APPENDIX A

LL-ting of the Fortran Program

C THIS PROGRAM COlMI'lES THE SOURCE STRENGTH, FREQUENCY COEFFICIENT,
C AND A NUIMBER OF CF EOMETRIC PARAMETERS FOR A CLASS OF FLEXTENSTONAL
C ACOUSTIC TRAN:;DUCERS COMPOSED OF AN ARRAY OF TAPERED CURVED BEAMS
C (CIRCULAR ARCS) [CORNING A SURFACE OF REVOLITION AND EXHIBITING
C SHORT CYLINDRICAL END SECTIONS

C IISACE- THE PO:LOWINCG PARAMETERS MUST APPEAR ON THE DATA CARD
C FOR EACH CASE- ll'C, NP, TAL, IAU, INC, RK, PATIO

C DESCRIPTION OF INPT PARAMETERS

C NN=NU-.B3ERS OF DATA SETS
C iV(:=l TF A PRINTO!UT OF THE NORMALIZED AREAS AND NORMALIZED NORMAL
C VECTORS IS DESIRED(THE TANGENTIAL COMPONENTS OF THE EIGENVECTOR ARE
C DESTROYED !N THE NORMALIZATION), IVC=O OTHERWISE
C NP=THE NUMIBER OF CONTROL POINTS IN HALF OF THE BEAM
C TALFTRST FNTN, ANGLE DESIRED IN THE OUTPUT
C TAU=LAST OPENTNG ANGLE DESIRED IN THE OUTPUT
C TNC=OPENTNG ANOLE INCREMENT
C RX=BEAM RADITUS/RADIUS OF GYRATION OF A TYPCIAL ELEMENT EVALUATED
C AT THE GUIDED END
C RATIO=CHORD SUBTENDED BY TIE OPENING ANGLE/DIAMETER OF CYLINDRICAL
C END SECTION AT THE GUIDED END

C DESCRTPTION OF OUTPUT PARAMETERS

C THETA=OPENTNG ANOLE SUBTENDED BY A TYPICAL ELEMENT OF THE ARRAY
C RADIUS/LENGTH-BEAM RADIUS/CHORD LENGTH
C HETGHi/LENGTH-TRANSDUCER HEIGHT/CHORD LENGTH
C DISPL. RATIO-RATIO OF NORMAL DISPLACEMENT AT THE BEAM CENTER TO THE
C DISPLACEMENT OF THE UITDED END
C WIDTH RAT!O=RATIO OF BEAM WIDTH AT THE CENTER OF THE BEAM TO THE
C BEAM WIDTH AT TPE CUIDED END
C WIDTH FACTOR=MAXTNUM BEAM WIDTH/(ARC LENGTH OF HALF BEAM*S IN(PI/
C IN)) ,N=NNUMBER OF BEAMS IN THE ARRAY
C CCEFFICTENT=FREQUENCY COEFFICIENT
C NORM. SOURCE STR.-SOURCE STRENGTH/(((PI*D)**2)k*F*DEL TA), D-END
C DIAMETER, F-=FREQUE NCY IN CY./SEC., DELTA-DISPLACEMENT OF GUIDED END
C NORMAL VECTOR-NOPMAL EIGENVECTOR COMPONENTS NORMALIZED ON THE
C DISPLACEMENT OF THE GUIDED END
C NOR0MALIZED AREAS=RADIATING AREAS ASSOCIATED WITH EACH DISCRETE CONTROL
C POINT NORMALIZED WITH RESPECT TO THE AREA OF THE CYLINDRICAL END

(14)



M'ATh% (c'njue )

NP 1 1 .

M D F., = I

102 I P

READ( I(A) TV'QM4A% !AU, INC X, RATIO
103 FORIVAT(TI 12,213,2F4~.1)

N= 2"-1 2
WRIT E(3 00~) FATI 0,--%

100 FORMAT"('l'////// a7X,'LENT/E'D DlA.-'F7.4!47X,'NO. OF CONTROL -,TS
1. IN 1LATF iEXA'2////8X,'THETA' ,3X,'RADIUS/LENGTH' ,3X,'TIEIGHT-/LEN
?CT!1' ,3X.'l)ISPL. RATIO* _3X, 'WIDTH RATTO' J,3M. 'WIDTH FACTOR' ,3X, lCOEF
3FTCIfl'XT - 3X, .oRM.i SOURCE STR. ~

'IN. I LuA;=TA',lA;' "NC1

OA=LA'?T /'1S^.
k RS TN(OA12. R/~ATIrO

CALL CO',FiC(N NP, 0A, RR, SlPHI, RM,RI, RN, RS)
CALL, STTFFG,N~\P,RK,STPHT!,A,P ,R,RN)
CALL CTIIE:'

VU~l=sQ7(V))~OS(UT/.)'(S N(0A/2.)**2)/(STN(PHI/2.)**2)
DO 2 T-1 .N

2 COVTT,71E

DO 3 =.,

3 CON TIUL

5 RL 2./. S :7'-'A / 2 .

WR=P, (N?)

OA=OA*~ 180 Pl
WRITEC (. 1 ; ) OA.RPl.J"t, DR, WR,WiVv~J~l) , QSN

T P(IiiC) li, ..
6 TV(A(1 i))7,7.8
7 A(l ,1) -A(i)

DO 9 -T = Z. N. 2

1I.5)



MAII., (continued)

9 COINT I NLM-
8 DO 10 T-2 ,N,2
K-TI 241
A(K,l)=A(T, 1.) A(1 ,l)

1.0 c0NTIMmE
A(l,1)1l.
WRI-TE(2 ,10

1.04 Fk'RYAT(/ /34X, INORMAL VECTOR' ,344, 'NORMALIZED AREAS'//)
IRITE0,IC'15)(A(T11) .RS(I) ,I=1,,N?)

1.05 FoRNIAr(35XEl2.5,36X,E12.5)
I. CoNr 1 1111%,

E~I)

(.16)



CUE]"

SUBROUTINE COEFF(N,NPOARR,SI,PHI,RM,RI,RN,RS)~-
DIMENSION R.M(60) ,RI(30) ,RN(30) ,RS(30)
P113. J415927

0A2=OA/2.
P1112-PHi /2.
D-COS (OA/2.)R.
RI M1.
RN(i.)-l Rs 1)=
DO 1. J-2,NP
RI(J)-(COS(OA-(J-L. )*PHI)-D)/RR

RS(J)sz2.*(2.*SIN(P1II2)*COS(OA2-(JI.i.)*PHI)-D*PHI)/(RR*RR)
1 CONTINUE

RS(2)-2.*(2.*SIN(3.*PHII/4. )*COS(OA/2.-3.*PIII/4.)-D*3.*PIII/2.)(RRJ*
1RR)

RS (NP) 2. k(SlN (PHIl2)-D*P11il2)/(RR*RR)

RM(N)-RI(NP)/2.
M-N-2
DO 2 J=2,M,2
RM (J) -RI (J /2+1)
RM(J+1)=RM(J)

2 CONTINUE
RETURN
END



DIMENSJON A%(60,60),RM*(60),RN(30),RL(30)I
C=SlN(Iii1/2.) /C0S(PH1/2.)
C2=SIN(SI)/CoS(Sl)

Do)I 1 =1 'N
DO(1 J= I) ,N

I CONTINU E '

1 2)&r4.(2.4-Rrf(2) Vc C2-.)*SIN(Sl))*C0S(SI)

A(1,3)=((c+c.2)A4RN(2)A*P-2.*C; (C*C2-1.))*COS,(SI)

A(] ,5)=RI(2)*C:*(C*C2-1.)*C0S(S1)
A(2, 2)=(RN(2 )+RN(3) )A.P*C*C4-2 .4.*P1(2)+RI(3)
A(2,3)=C*((RN(2)-~RN(3) )*j-2.+RI(13))

A(2, 5)-:RN(3PtC2 R (2)+R()

=- (3(3

A(3,6)=RT(.I)*C
A (3, 7 ) = -R 13) It Cu
Kl-N-4
K2=N-3

K3-tN-2
K4-N-1
.11N 11 - 3
J2-%,P-2

A A(K1,Kl)=(RN(.J2)+IRN(.j3))*PC*C+R(J)+4.*Rl (j2)+RI(J3)
A(KlK2)=-c*'((RLN(J2)-RN(J3))*P-R1(311)+RI(J3))

A(K1,K4)_:C*(RN(J3)*P+ 2.*RI(J2))
A(Kl,N)=RL (J3)
A(K2,K2)=(RN(J2)+-RN(J3))*P+(Rt(jU)+Rf(J3))*C*C
A(K2,K3) -~C*(RN(J3)AP+'-2.*RI (33))

A (K2,N) -R I(J 3) C
A(K3,K3)u-(RN(J3fRN(NP))*P*~C*C+RL(J2)+4 .*R1(J3)+2.*RI(NP)

* A(K3,Kt4)zC*((RN(J3)-RN(NP) )."i)R(J2)4+2.*RI(Nr))
A(K3,N)=RN(NP)*P**C2.*RI(J3)+RI(NP))
A(K4,K4)-(RN(J3)+RN(NPI))*!)'+(RI(j2)+2.ARI(NP))*C*C

JRI-N-6
DO 2 1-4,JM-e, 2
DO 2 .1-4,i'eI,2



3 K-1I/2+1

A (1,J +-2)-RN (K+1 )*P*C*(*-2 * (RI (K)+RI (K44.))
A(I,J+3)-C*(RN(K+1)*P+2. ARI(K))
A(I,J+4)=RI(K±11)

MmI+1
L=J+l

A( 1,L+1)*.-C*(RN(K+] )*P+2 .*PI(K+l))
A(M,L+2)=-RN(K+.) *P
A QM,L+3) =RI (K41) *C

2 CONTINUE
DO 4 1-1,N~
DO 4,J='1,N

4 CONTINUE
DO 5 1-1,N
DO 5 J=1,N
A (1,J)-A (1,J) /SQR 11(1~) *RM(.))

5 CONTINUE
RETURN
END



CIVENS

SLI BROL'I I NE 6 1 VENS
DIM:NSION A,(60,60),BI( 6 , 6 ),DIAC(60),VU(6O),V(66), b(60)9

COM1ION N .11. ODE.A, Vt
!EQLAVA'. FE (P, PRODS), (TAU, BETA), (T,SMALLD) (IT.,MATCH), (VJ(l) D(l)

C CAI. k-A-fl' '40F01 OF %ATRIX

DO t J=I1,N
I ANORN~-ANURN1*A0 ( J)*A( I J)

C 6EN!2RN"I 1I)1-,NTTTY MATRIX

1000 DO 7 t~t,N
DO 7! J=-I,N

100i B( IJ=1
c'o t'o 7

6 B(I j -0>~.
7 CONIIINUf:

C PETIFO10 iROTAI (QNS TO REDUCE :-IATRIX TO JACOBI FORM

LFN)100, 21, ,!003
1003 DO 11 I=1,NN

I L - +!
DO 1.5 F-11I.N
TIlzA( I . I+1)

..j)
11F(12) 1004 ,l15,1004

1004 CALL ROIATFATI,T2, SIl,CSN)
DO Q2 K=L,N
T2-CSNcA(K,4 1)+SN*A(K,J)

12 A(K .I+t.,~42
DO A 3 K-f , N
T2S',' A( 14-1 ,K) +SN*A(J,K)
AlJ,) KCSNA(J .K).SN*A(14-1,K)

1005 lit !4 K-I ,N
12t(,S~IN1( K. f i I )I+SNkB(K .J)

(20)



GIVENS (continued)

B(K,J)xCSN*B(K,J)-SN*B(K,I+l)
14 B(K,1+1)='Lr2
15 CONTINUE

C MNOVE JACOBI EL-EMENTS AND INITIALIZE EIGENVALUE BOUNDS

21 DO, 12 I=1 ,N

VU(T) =ANCR.M
22 VL(1)=-ANORM

DO 23 1=2,.N

23 Q(1-1)-.SD(L-1)*SD(L-1)

C DETERMINE SIG:NS OF PRINCIPAL MINORS

TAU=O.l
1-1I

35 MATCH=O

DO 25 J-'l,N
P-D 1A6(J) TAU
IF(T2) 1001,27,1007

1007 IF(Tl)'1008,28,1008
1008 r=P*Tl:-Q(3jl)*T2

GO To 29
27 TF(T1)l00?,3O,3O

1009 TI--i.

GO TO 29
30 T1=1.

T=P
GO l'o 219

28 IF(Q(J-1))10I0,30,10lO
1010 LF(T2)3.1,lO1,l0l1
1011 T--i..

GO To 29
31 T-1,

C COUN.T AGREEMENTS IN SIGN

29 IF(TI)32,L012,1O!12
1012 IFM)31 33,33

32 IF(T)33,34.34
33 MATCHfrMATCHf+l
34 T2=TI/ABS(Tt)l
26 Tl-TIABS(TI)

(21)



GIVENS (continued)

C !ETAL A' ICHT7ER BOUNDS ON ETGENVALUES

1(k- N+MATC 111 10 14,1014,4 2
1014 1 1(VK)-TAC)L& I ,41 I 1015
1015 Vil(K~) TAJ

GO TO .l
42 T F tVLt K) - IAU) 10 18,41 .41

1018 V LUPt K -tALl
~I C ONII NUEl

1016 LrF(iU)10.7,44,10j7
1017 'L(Bt?('iUl)I)5E64,34

43 ii
lF(l-.IoM:) 1019, 1019, 51

1019 GO TO 45

Go '10 35
51 IF(M)l --00. 10,1020

1020 IF"M -MGDE), t02L. 1021.,1022
1022 1 &M0I)E
10.21 Do 52 hN

DO 52 JI1,N
52 A(L4J)=O.

DO 53 t=I MN
IF,(1-1) 1029,51a ,1029

1029 IF(VU(1).VtI'-l)-5.E-6)55,55,1023
1023 IF(+%T (I)) 10"24,54,1024
1024 EF(ABS(VU(I-i)/VU(T)-l.)-5.E-6)55,55,54

54 CSN=t.

DO 56 J= 1,N1
00'(-0)1025,57,1025

1025 CALL ROTATE(T1,T2,SN,CSN)
S (J - 1.) =cN
C (J - t )-.SN
D(J- I)=7 I~csN+'r2, SN

56 .ET ATS D ( j*C SN
D (N) -TI
DO 58 J-z1 ,N

58 1ND ) -')
35 SMLLD-~AMORM

DO 60 J i

1026' Ir-(ABS(FMA.'!)-Al3S(D(J)))60,60,1027
1027 SMALP-D(J)

(22)



G.IVENS (continued)

NN='
60 co NTi \'LI*

TF(NN- i 1028, 53, 1028
1028 DO1 ('. ~2 ,NN

T f~N+ =:4I j
At I L~ 1 .) -C( 11 )',PtZODS

61 PI1)IS- -R0;iS( 11)
53 At I, I )PRCODq

C FORI tA [0. PRODUCT OF ROTATION MATRIX 14ITH JACOBI VECTOR MATRIX

Do (i b J I .,M
DO 67 K-1,N

67 U(Y%)=A(K,Jl)
Do 66 T=It,N
A(1 ,J)- O.
DO 6b K-1,N

66 At I J)13Bk 1 ,KK))+A(Ij)
100 RETURN

END

SUgROUTINC R01ATE(A.B,C.D)
E=SQR1 k'A:A+B*-B)
r!:A / E

RETUrRN
END

(23)
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